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ABSTRACT 

This is the ninth semiannual report of a research 

project to study radio propagation in tropical areas with 

heavy vegetation. The experimental results reported here 

are from the first series of tests conducted near the towns 

of Songkhla and Satun in southern Thailand (Area II). The 

test area, which receives about 90 inches of rainfall 

annually, is covered with extremely thick jungle. Graphs 

are presented of basic transmission loss as a function of 

distance out to 1.4 miles for frequencies of 25, 50, 100 and 

250 Mc/s using different transmitting antenna heights, 

polarizations and transmission paths. The receiving antenna 

height is fixed at 6 feet.  Certain of these tests are com- 

pared with identical ones made previously in the jungles 

near Pak Chong, Thailand, (Area I) where the vegetation is 

significantly lower and less dense. The climate in the test 

areu is also described and compared with the climate at the 

Area I site. 
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1.  INTRODUCTION 

Semiannual Report Number 9 covers the research 

and analysis work of the Tropical Propagation Research 

Project from January through June 1967. This project is 

conducted in Thailand by the Jansky 5 Bailey Engineering 

Department of Atlantic Research Corporation, The work is 

sponsored by the Advanced Research Projects Agency of the 

department of Defense as a part of SEACORE and is under the 

technical and contractual direction of the U. S. Army 

Electronics Command, Fort Monmouth, New Jersey. 

The purpose of this research program is to deter- 

mine the nature and magnitude of the influences on short- 

range tactical communication due to the environment.  This 

knowledge will eventually enable one to predict the per- 

formance of a given communication syster within any 

environment and will help in the design of new communication 

equipment. 

In the first phase o^ this program, an extended 

series of tests through the 0.1-10,000-Mc/s frequency range 

was conducted in a medium heavy jungle near Pak Chong, 

Thailand (Area I).  This type of vegetation, referred to as 

"wet-dry" jungle, is commonly found in Southeast Asia. The 

second major phase of the test program, now in progress, was 

initiated to study radio propagation in significantly heavier 

vegetation.  These present tests are being conducted in a 

"rain forest" type of jungle between the towns of Songkhla 

and Satun in the southern peninsula of Thailand (Area II). 
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Although the Area II tests are generally not as 

extensive as those conducted at Area I, the results of data 

analysis from that area indicated that certain kinds of 

propagation should be investigated more extensively than 

others.  In particular, shoit-range propagation is being 

more exhaustively studied at the Area II site since it has 

been found that most environmental effects occur relatively 

near th3 antennas. 

Semiannual Report Number 9 is primarily devoted to 

a presentation of the very large amount of propagation data 

that has been collected within one and a half miles of the 

transmitting antennas during the first part of the Area II 

measurement program. This report does not contain a descrip- 

tion of the test area or of the test procedures and 

instrumentation, since this information was given in the 

previous semiannual report (number 8). 

Section 2 of this report contains 112 sets of 

curves which cover all the primary tests in the short-range 

measurements. The curves represent values of basic trans- 

mission loss which are derived from readings of field 

strength taken at different distances from the transmitting 

antennas. The equation used to calculate basic trans- 

mission loss (L,) from field strength readings is the same 

one used in previous semiannual reports.  It is expressed as 

Lb = 36.57 + 20 log f * 20 log Ej - 20 log Emeas 

where 

L, = basic transmission loss in dB 

f = frequency in megacycles per second 

( 



Ei  = unattenuated field strength in yv/m 
expected from the transmitting system 
at 1 mile 

E    = any measured value of field strength 
produced as a result of radiation 
from the transmitting system used to 
determine Ei above 

Each set of path loss curves carries a concise, 

systematic notation identifying the parameters of that 

particular test.  The notation is 

Lb = FT(f, Ht, P, d, Hr) 

This format indicates that the basic transmission loss "^h" 

shown by the curves is a function "F" of six variables. 

The first is the subscript "-" following the "F" and indi- 

cating the test trail or trails on which data was gathered. 

The other five variables within the parentheses are 

explained below. 

f - frequency in megacycles per second 

H. = transmitting antenna height in feet 

P = transmitted polarization denoted as "11" 
or "V" 

d = transmission distance in feet or miles 

H = receiving antenna height in feet 



For example, in Figure 2.2 the identifying 

equation reads 

Lb = Fx(25, Gnd., V, d, 6.0) 

This means it is a graph of path loss measured on trail "X" 

at a frequency of 25 Mc/s, using a transmitting antenna at 

ground level, vertical polarization, and a receiving antenna 

height of 6 feet. The "d" indicating distance does not have 

a value because it is a variable rather thar a parameter in 

this graph. 

The presentation of the complete set of graphs 

for all combinations of test parameters in the short-range 

measurements constitutes the main portion of Section 2. 

Section 3 presents the results of certain identical 

tests which were made at the Area I and Area II test sites. 

Data from the two areas is compared by superimposing the two 

equivalent sets of curves on one figure. 

In Section 4 the climatological measurements made 

at Area II to date are presented and discussed.  Since the 

essential difference in the two Area I and Area II test sites 

is the thickness and height of their vegetative cover, which 

in turn is primarily a product of their different climates, 

a comparison of the main climatological characteristics of 

the two sites is also included. 

Figure 1.1 shows a map of Thailand giving the 

locations of test sites. Areas I and 11. 
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Figure 1.1  Locations of Thailand Test Areas 
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2.  PRIMARY WALKING DATA 

The first series of measurements at the Area II 

test area was undertaken to obtain a detailed record of 

short-range path loss in an area covered with heavy jungle. 

These measurements were made along four trails which were 

cut through the vegetation for about one and a half miles. 

Because the receiving equipment was hand carried along these 

trails, the measurements are termed "walking measurements" 

and the data from them is called "walking data." 

The four test trails extend radially from a bench 

mark located near the transmitting antenna pads. On each of 

the four trails, named "W," "X," "Y," and "Z," are 52 points 

where measurements were taken. These measurement points are 

already spaced near the transmitting antenna, but are 

further apart at greater transmission distances.  Their 

spacing is listed in Table 2.1. 

Table 2.1 

SPACING BETWEEN MEASUREMENT POINTS 

Spacing 
(feet) 

Di stance from Bench Mark 
(feet) 

50 ö - 1000 

100 1000 - 2500 

200 2500 - 4900 

500 4900 - 7400 

,]«^J>^gP!Viigoni|«t^W)Bjlf*^^ 



A single set of primary walking data consists of 

the maximum and minimum field strengths in the near vicinity 

of each measurement point along a particular radial.  This 

data was taken over the four radials with horizontally and 

vertically polarized signals which were transmitted at 2S, 

50, 100 and 250 Mc/s.  The transmitting antennas were 

located at ground level and at 6-, 13-, 4ö-, 80- and 

120-foot elevatiors. 

Altogether, 112 different combinations of these 

test parameters vare used.  This total represents slightly 

more .han half of the possible total of 192 different tests 

(six antenna heightr times four frequencies times four 

trails times two polarizations).  It was not possible to 

transmit each frequency-polarization combination from every 

antenna height, and in many cases it was adequate to conduct 

certain tests on just two or three rather than all four 

radial trails. 

To calculate the transmission distance associated 

with each measurement, the particular poi'-.t, .adial and 

transmitting antenna height must be taken into account.  As 

shown in Figure 2.1,   the ground level transmissions were 

made 238 feet fror,, the bench mark; 6- and 13 \ot-high 

antennas were placed at points 50 feet out or each radial; 

and 40-, 80- and 120-foot-high antennas were positioned on 

an adjustable, permanently installed mast 23 feet from the 

bench mark.  At each measurement point there is a numher 

which, when multipi;.ed by 100, gives the distance of the 

point from the bench mark.  The computer routine which cal- 

culates basic transmission loss from field strengths uses 

this information to determine the path length between each 

measurement point and the transmitting antenna beint; used 
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Actual line-of-sight distances are tabulated in Semiannual 

Report Number 8. 

A11 primary data consisted of measurements made 

with hand carried receiving antennas held 6 feet off the 

ground.  For the loop receiving antennas used at 25 Mc/s, 

this distance is measured from ground to the center of the 

loop.  For the dipoles used at 50, 100 and 250 Mc/s, the 

distance is from the midpoint of the dipole, whether it is 

held vertically or horizontally.  Receiving and trans- 

mitting antennas were oriented for maximum free-space gain. 

In addition, special measurements were made at points 2, 

10, 25  49 and 74 (respectively 200, 1000, 2500, 4900 and 

7400 feet from the bench mark) to determine the effects of 

changing the height, polarization and orientation of the 

receiving antennas.  The results of these tests, called 

"supplementary tests,11 will be contained in a later report. 

In the primary tests, the receiving antenna is 

moved back and forth along the trail about 10 feet from 

each measurement point to get a maximum and minimum reading 

of the rapid variations in field strength.  Where it is im- 

possible to get a definite maximum and minimum, as many as 

seven iandom readings are taken in the general area of the 

measurement point.  All this data is later put on punched 

cards and converted by computer to values of basic path 

loss.  The computer picks the highest and lowest values of 

field strength associated with each point and computes from 

them the minimum and maximum path less, respectively.  A 

description and explanation of the procedures for recording, 

transferring, and reducing the data to basic path loss are 

contained in Semiannual Report Number 8. 

10 



The calculated values of basic path loss (denoted 

by "I'u") are plotted against distance in Figures 2.2-2.113, 

To allow a visual correlation of path loss variations with 

terrain variations, a linear distance scale has been used, 

and on the bottom of each graph is the terrain profile of 

the particular trail along which the data was taken. 

Because of the offset from the bench mark of the ground 

plane transmitting antennas, the terrain profiles for the 

six figures with this test parameter may differ slightly 

from the actual profile along the propagation path for the 

first 1000 feet. 

The two path loss curves above the terrain profile 

represent the maximum and minimum amount of path loss at 

each point.  The distance between the curves can be regarded 

as the amount of variability in path loss over 10- to 20- 

foot distances in the jungle.  In instances where the 

measured field strength was 1 to 6 dB above the noise level 

of the instrument, the reading was corrected for noise. 

Dotted portions of the path loss curves indicate where this 

correction was made, such as at 4000 feet on Figure 2.2. 

When the signal level dropped to the noise level, the data 

was not used.  The lower curve in Figure 2.2 is plotted 

only to about 180(1 feet for this reason. 

The tcsL parameters of each of the figures are 

given by the identifying code explained in Section 1.  The 

combination of a letter and number that follow the identi- 

fying code on each figure is the reference numbe" of the 

data set. 

11 



The figures are arranged in order of increasing 

frequency.  For each frequency, tests using vertical polari- 

zation are placed before those using horizontal polarization, 

Each polarizatiun group is arranged by increasing antenna 

height. Thus, graphs of similar tests perfoi sed  jng 

different trails are grouped together. This arrangement 

affords a means of comparing how different terrain profiles 

affect the path loss curves.  To simplify locating par- 

ticular test parameters within this large group of curves. 

Table 2.2 lists the figure numbers associated with each com- 

bination of parameters. 

12 
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3.  COMPARISON OF WALKINH DATA 
FROM AREA I AND AREA II 

A primary goal of this research program is to de- 

termine how short-range radio prjpagation is affected by 

variations in different environmental parameters.  The major 

parameters are terrain, weather, climate, soil, and 

vegetation.  One criterion in selecting the Songkhla test 

area was that it had significantly higher and denser vege- 

tation than existed in the Area I test area.  Thus, a com- 

parison of the Area II data with the Area I data sh 'zld 

delineate some of the effects of varying height an ^ density 

of .egetation. 

The graphs in this section are drawn from short- 

range tests made at Area I and Area II with hand carried 

receiving antennas and field intensity meters.  In each 

graph, equivalent sets of data from the two areas are super- 

imposed on one another.  The graphs contain the 13 sets of 

"walking" data that had identical test variables in the two 

areas.  The test frequencies are 25, 50, 100 and 250 Mc/s. 

At each frequency there is at least one comparison for both 

horizontal and vertical polarization. 

The data from each area is combined into a so- 

called "data envelop." There is a data envelop for each set 

of test parameters in each of the two areas. The envtTop 

encompasses the highest and lowest values, i.e., the total 

range, of path loss recorded at the different distances from 

the transmitting antenna where measurements were made. 

Since each set of data represents readings taken over two, 

three or four measurement trails, the top of the envelop is 
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the lowest value of path loss recorded on any of the trails 

at that particular distance.  Likewise, the bottom of the 

envelop is determined by the highest value of path loss re- 

corded on any trail at that distance. 

An expanded version of the identifying matrix 

described in Section 3.1 is used to indicate the test 

parameters and measurement trails for each set of data.  In 

Figure 3.1, there are two identifying matrices: 

— Lb " Vx.Y.Z^25' 13' H' d' V 

"•  Lb ' F204,234(25' 13' H' d' 6) 

The dashed or solid line in front of "L. " indi- 

cates whether the matrix refers to the dashed or solid 

envelop.  In all of the graphs, the solid lines are the data 

envelop from Area II, where the radials are called "W," MX," 

iiyn or .12#M xhe dashed lines come from Area I data taken 

on radials called "174,•• "204" or "234." These identifying 

numbers actually represent the bearing (in degrees) of each 

Area I radial. 

The data in the parentheses of each matrix gives, 

respectively:  transmitting frequency finMc/s), transmit- 

ting antenna height (in feet), polarization, path length and 

receiving antenna height (.in feet).  Thus, Figure 3.1 com- 

bines data from radials W, X, Y and Z at Area II, and from 

radials 204 and 234 at Area I for 25 Mc/s, using horizontal 

polarization with a transmitting height of 13 feet and a 

receiving height of 6 feet. 
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From a standpoint of drawing conclusions, the dr.ta 

contained in this preliminary comparison is too limited to 

warrant any major statements about differences between 

Area I and Area II.  In only /ive instances wa? the Area I 

data recorded at distances greater than 1P00 feet, and in 

two of the cases at 25 Mc/s, using horizontal polarization, 

there were not enough readings to construct more than a 

single dotted line beyond 1000 feet.  Only a few tentative* 

observations can be made until the results of height-gain 

comparisons between Area I and Area II are correlated with 

these walking data comparisons. 

These observations are based only on the data that 

is available for distances beyond 1000 feet.  For shorter 

distances the mode structure is extremely complicated since 

direct waves, as well as ground reflected waves contribute 

to the electromagnetic field making meaningful comparison 

between different areas very difficult. 

Based on the three Area I data envelopes at 50 Mc/s 

that extend to one mile, it can be said that basic path loss 

is greater at Area II where the vegetation is denser and 

taller than at Area I. The data, and the two sets of single 

lines at 25 Mc/s, also show that the difference between the 

loss at Area I and Area II is fairly independent of distance 

for distances greater than about 2000 feet. That the dif- 

ference in basic path loss between the two areas is inde- 

pendent of distance beyond this nominal distance is not 

surprising.  It supports the theory that the principal mode 

of propagation in a vegetated area is along the treetop 

boundary, (i.e., the lateral wave ). According to this 

theory the vegetation introduces losses only along the 

portion of the total path from the transmitter to the 
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treetops and from the treetops to the receiver. Since the 

trees are taller at Area II, these paths, for a given 

antenna height above ground, are longer and hence result in 

greater losst 

This, of course, does not mean that the energy 

propagates along treetops without loss.  There is in the 

case of the lateral wave a loss which represents energy 

leaking back into the jungle as it propagates along the 

treetops. This loss will be a function of the effective 

conductivity of the jungle, but for these distances a 

solution for the lateral wave shows that to a first order 

approximation the loss depends on distance as 40 log D 

(distance) and is independent of jungle conductivity. 

Differences in conductivity will cause path loss 

to the treetops to differ in the two locations. However, 

much more analysis of the data will be needed to determine 

the effects of any differences in conductivity in the two 

areas. Since the jungle is more dense at Area II, the ef- 

fective conductivity should be greater there. As a result, 

at shorter distances where the "through-the-foliage" mode is 

significant, we would expect greater losses in Ar^a II. 

This is not always the case, however, as the graphs show. 

The problem of asse sing the effects of conduc- 

tivity is further complicated by the non-homogeneous vertical 

characteristic of the vegetation.  In Area I, trees are 

shorter but some of the low undergrowth is quite dense.  In 

Area II, the trees are much taller and there exists a dense 

canopy. As a result, the low undergrowth is not as dense. 
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Figure 3.1 Basic Transmission Loss at Area I and Area II 
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4.  CLIMATOLOGICAL DATA 

Since November 1966, various climatologictl 

parameters have been measured in the Area II test area. 

The instruments for taking this data are situated within the 

base site.  In general, the data consists of maximum and 

minimum daily temperatures, the results of hygrometer 

readings taken in the morning, at noon, and in the afternoon, 

and a continuous record of rainfall.  The rain gauge is an 

automatic instrument which can run one week without 

attendance. All other readirgs are daily samplings. 

Since helicopter transportation to the test site 

was only scheduled for five days a week, these readings 

could not be made every day.  Over the seven-month period 

covered by the data presented here, daily readings were 

taken 66 per cent of the time.  This rate of sampling is 

frequent enough to give an accurate picture of the trends 

in average monthly temperature and humidity. 

Figure 4.1 is based on readings from the maximum 

and minimum temperature indicator.  This instrument will 

record and retain the highest and lowest temperatures over 

any period until it is reset.  Thus, this data would 

reflect temperature extremes that occurred on days when no 

readings were taken, since their values would be retained 

when the instrument was later read.  The curve in 

Figure 4.1 is the average monthly temperature, and the bars 

bracketing each monthly period represent the highest and 

lowest temperatures recorded by the instrument during the 

month. The average temperature is derived by calculating 

a daily temperature halfway between the maximum and minimum 
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of each day and by averaging all these middle temperatures 

for a particular month.  The figure indicates that the 

lowest temperatures at the test areq for the first half of 

the year are around 70 degrees Fahrenheit.  Between December 

and June the maximum temperatures climb from about 90 

degrees Fahrenheit to 120 degrees Fahrenheit, and the 

average temperature increases from 80 degrees Fahrenheit to 

90 degrees Fahrenheit. 

The morning humidity tests were made before 10 AM, 

the noon tests between 10 AM and 2 PM, and the afternoon 

tests after 2 PM. To reduce the data, all the readings made 

before 10 AM were averaged. This procedure was repeated for 

the noon and afternoon readings, and then the three averages 

were themselves averaged to obtain a representative reading 

of the monthly humidity.  These values of monthly humidity 

are plotted in Figure 4.2.  Also shown in Figure 4.2 are the 

highest and lowest humidities recorded on all the tests 

during each month.  From this data it appears that the 

maximum relative humidity is essentially never higher than 

90 per cent, and that the average humidity varies from 80 

per cent during periods of heavy rainfall to 65 per cent 

during relatively dry periods. 

Figure 4.3 illustrates the differences and 

similarities between the climates at Area I and Area II. 

The two sets of curves in this figure represent the monthly 

humidity, temperature and rainfall recorded at the two test 

sites during the same part of a year. 

The rainfall data is taken from a continuously 

operating rainfall recorder which was stationed at the base 
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sites of both test areas.  The data for the temperature and 

humidity curves comes from the morning, noon and afternoon 

hygrometer tests made at both sites.  The monthly values o^ 

rainfall and humidity are obtained by the same technique 

described in conjunction with Figure 4.2.  Thus, the Area II 

humidity curve in Figure 4.3 is the same curve shown in 

Figure 4.2.  It should be noted, however, that the Area II 

temperature curve in Figure 4,3 is not exactly the same as 

the temperature curve in Figure 4.1, which is based on the 

maximum and minimum temperatures of the day rather than on 

the dry bulb temperature recorded during the daytime humidity 

tests.  The result of using the maximum and minimum daily 

temperature instead of a sampling of daytime temperatures 

is that the curve in Figure 4.1 indicates average monthly 

temperatures which, from December to April, are about 4 

degrees Fahrenheit lower than the averages indicated by the 

Area II curve in Figure 4.3,  This difference is due to the 

low nighttime temperature during that period which slightly 

lowered the values of the average monthly temperatures shown 

in Figure 4.1. 

Based on the data shown in Figure 4.3, Area I 

received about 22 inches of rainfall from November to June, 

whereas Area II received about 40 inches.  Temperatures for 

the two areas are nearly the same. The humidity at Area II 

while noticeably higher than at Area I, is not significantly 

so. Thus, the outstanding clim?tological difference between 

the two areas is rainfall, which is about two times heavier 

at Area II, 

Since the Area I climatological information in 

Figure 4.3 is based on averages of data recorded in 1964, 

1965 and 1966, it can be assumed that the values are fairly 
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representative of normal conditions. The Area II rainfall, 

which was recorded over a single period and which constitutes 

the greatest difference between it and the Area I site, 

has been checked with average records of rainfall for the 

general Songkhla region based on 30 years of data accumulated 

by the Thai Meteorological Department.  Figure 4.4 compares 

rainfall accumulation recorded at the Area II test site 

from mid-November to mid-June with average rainfall for the 

region.  It can be seen that the two records of rainfall 

diverge somewhat during December.  This behavior is due to 

unusually heavy rain in that month which flooded the country- 

side for a period of time and forced the field crew to 

relinquish the helicopter so that it could be used for 

rescue work.  During February and March of 1967 the rainfall 

was unusually low, and in that period the rain accumulation 

again approached the average.  Thus, the accumulated Area II 

rainfall indicated in Figure 4.3 does not deviate signifi- 

cantly from the average accumulation. 

142 



4) a» 
c •M 
3 •H 

>-5 w 
+-> 
w 
D 

f-H 
>s 
rt 1—1 
;s h-l 

rt 
4) 
^ 
< • 

»-i 4-> 
P. rt 
< 

t/i 
« 
»H 

3 • *J 
j« rt 
rt H 
S 0) 

a. 
£ 
(U 
H • 

,0 (U 
0 E w-, S 

rt 

(U 
p 

> o 
2 

•M 

w 
tJ 
c 
rt 

0) 
60 
rt 

> 
< 

4> 

b0 

(d0)   airuBjadmai 

143 



s (U 
bfl 

vS- to 
(H 

X (U 
es > 
2 < 

>. >. 
r-t i-i 

J= X! 
*-> •M 
fi C 
O o 
IS S 

d) 
c dJ 

3 +-> 
•^ •H 

in 

*-> 
I« 
0 

X H 
CO 
S h-t 

1—1 

CO 
0 
VH 

^ < 
a 
< 4-> 

ca 

w 
u • • H 

u 4J 
rt ■ H 
2 TS 

• H 
B 
3 
E 

t a> 
Xi g 
<ü (U 
Hi fH 

•M 
X 
W 

• •o 
c c 
CO c8 

•-5 
(1) 
W) 
CO 
M 

• (Ü 
u > 
o < 
Q 

> o 
z 

tt) 

3 
CO 

o o o o o O o o 
o o* 00 r- vD IT) ^r ro 

(%)  X^TpimnH SAnB[3a 

144 



-^ -NN- 

< 

L- 

c 
3 

X 
re 

a 
< 

re 

-sN- 

c 
re 

i ^ 
u 
Q 

> 
O 

re 
Q 

re 
u 

•H 
bo 
o 

re 

re 
0) 

< 

C 
re 

A^TpiiunH i V UlSi 

re 

< 
«4-1 

o 

c 
o 
(/) 

•H 

re 
a 

I 
u 

t 

bo 
•H 

(satpux) 

14.S 



T- T —r i       i T  

u "I 

u 
\ 

^ 

H 

H* k "H 
X v 
> L V X V X V X   \ c 

0 
•H 
bo 

\\ o 0) 
+-» « \   \ ■ H 

H- \   \ 

'/I 

i—i 

« 

< \\ 
c \ 

a» 
t) 
u 
o 
u 

•H 

rH 
l-l 

«4-1 

c 
•H 
CO 

i 
i 

^^ OS ■■i 
1—1 1 
rH a> 1 
rt 00 1 

iw « 1 
C M \ 

•H a) \ 
rt > \ 1^ a: < V 

\ 

■H 

■ „ x 1 1 N w    % 1 1 V^ 
r- 1 1 N^ N 

1   - J  i i       i 1 

^ 

C 
o 

•H 
•M 
CT3 

rH 

3 
6 

0) 3 
c O 
3 c 
*-i < 

1-4 

r-l 

« 
>. C 
CO •H 
S CO 

/—V CX 
•yi 
X -o 
+-> <u 
c TJ • o h 

^ *u o 
a v«-' (J 
< <D 

0) Oi 
E 

•H T3 
H C 

• CÜ 

w 
nj a» 
^. DO 

CO 
»I 
5) 
> 
< 

Xi 
o 
u- • 

(U 

• 3 
C oo 
n • H 

u. 

o o o 
1/5 

o 

U 

a 

> o 
o  z 

(saipuT)   uoi^BxnuinoDv XT^juiey 

146 



5.  LIST OF PERSONNEL 

The following individuals have made significant 
contributions to the work accomplished during this report 
period. 

Sturgill, Lester G. - Manager, Antennas and Propagation Group, 
and Project Director 

Spence, Dr. John E. - Technical Director, Antennas and 
Propagation Group, and Project Engineer, 
Propagation Analysis 

"xhairer, Neil J. - Project Engineer, Instrumentation 

Sykes, Charles B. - Project Engineer, Field 

Redden, Donald R. - Field Administrator 

Anti, Per A. - Field Engineer 

Ayers, Robert W, - Field Technician 

Backus, William A. - Propagation Analysis Engineei 

Banning, Craig M. - Data Technician 

Barton, Richard - Propagation Analysis Engineer 

Bass, Robert F. - Field Engineer 

Conway, Charles 0. - Field Technician 

Cozzens, Hal R. - Field Administrator 

Cross, Gerald E. - Field Technician 

deLacy-Bourke, Jocelyn - Technical Editor 

Goddard, Arthur E. - Field Engineer 

Grant, Jesse J., IV - Field Engineer 

Heisler, Kenneth G., Jr. - Propagation Analysis engineer 

Kocherhans, Christhelm R. - Field Technician 

Kosko, Arno J. - Field Engineer 

Kallenborn, James P. - Propagation Analysis Engineer 

147 



LIST OF PERSONNEL, continued 

Knüwles, Earl J. - Data Technician 

Lucha, Gerald V. - Field Engineer 

Murphy, A. Page - Propagation Analysis Engineer 

Munson, William B. - Propagation Analysis Engineer 

Patrick, Eugene L. - Propagation Analysis Engineer 

Purves, Lloyd R. - Assistant to Project Director 

Ragan, S. Morgan - Field Engineer 

Robertson, Richard G. - Field Engineer 

Seneker, William P. - Propagation Analysis Engineer 

Them, Albert H., Ill  -  Propagation Analysis Engineer 

Townsend, I. Ann - Dita Technician 

148 



REFERENCE 

1. L. L. Sachs and P. J. Wyatt, A Conducting Slab Model for 
Eleccromagnetic Propagation Within a Jungle Medium,   " 
Defense Research Corporation, DA-31-124-ÄRO-D-312; 
May 1966, (Unclassified), 

i i 

149 



THIS PAGE INTENTIONALLY LEFT BLANK. 

150 



Unclassified 
Security Claasification 

DOCUMENT CONTROL DATA • R&D 
fS»curi(:' clo«j*l*c>.(lon of Uli», body at mbtifel and Imttnlnt annotation mu»l b* tnt»r»d whon th» onroll report It tlmatillad) 

I   OKIRINATING ACIVITV fCoiporat« «ulhar; At iant 1C    KeSeaTCtl 
Corporation, Jansky 5 Bailey Engineering Dep 
Shirley Highway at Edsall Road 
Alexandria, Virginia 22314 

2«    NEPOHT  »ECURITV   C L AttiriC A TION 

'{nclassif ied  
2b    ONOUP 

i ntrom Tirte 

Tropical  Propagation Research   (U) 

4   OCICRIPTIVK K JT« (Typt »I npon and tnclualyt dataa) 

Semiannual Report Number 9, 
I  AUTHORC4; (Laal nama, lint nama. Initial) 

Sturgill, L. G., and Staff 

•   RCPORT DATE 

July   1967 
7«    TOTAL NO.  Or   PACtl 

170 
76    NO    OF HKFI 

I*.   CONTHACT OH OHANT NO. 

DA  36-039  SC-90889 
6. pmojwr NO. 

AMC  Code  #5621-11-919-01-13 
t. 

AMC Sub Task #iPö20501 A 448?11: 

■Pertaining to ARPA Order #371 

• A.   ORIOINATON't  nCPOnT  NUMBCRC5J 

• b. OTHcn NCPOHT NOfS; (Any olhatnumbara that may ba aaal0\a* 
In 10 tapott) 

10  AVAILAIILITY/DMITATION NOTICCI 

Distribution of this document is unlimited. 

M   SU^LIMCNTARVNOTCI 
Report on experimental studies 
of RF propagation in tropically 
vegetated environments. 

12. SPONSORING MILITARY ACTIVITY 

Advanced Research Projects Agency 
Washington, D. C. 

13 ABSTRACT 

This is the ninth semiannual report of a research project 
to study radio propagation in tropical area» with heavy vegetation. 
The experimental results reported here are from the first series of 
tests conducted near the towns of Songkhla and Satun in southern 
Thailand (Area II).  The test area, which receives about 90 inches 
of rainfally annually, is covered with extremely thick jungle. 
Graphs are presented of basic transmission loss as a function of 
distance out to 1.4 miles for frequencies of 25, 50, 100 and 
250 Mc/s using different transmitting antenna heights, polarizations 
and transmission paths.  The receiving antenna height is fixed at 
6 feet.  Certain of these tests are compared with Identical ones 
made previously in the jungles near Pak Chong, Th iiland, (Area I), 
where the vegetation is significantly lower and less dense,  "he 
climate in the test area is also described and compared with the 
climate at Area I. 

DD .Ä1473 Unclassified 
Security Classification 



UnpUssified 
Security Claasification 

u 
KEY «ONbS 

Propagation 
Techniaues 
Tropical Environment. 
SEA -  Southeast Asia 

Thailand - 
Path Loss 
Climatology 

SEA 

Rainfall,  Temperature, 
Barometric  Pressure 

Antenna Height 
Transmission Distance 

L'HK A 

MOLK 

LINK • 

Koi e *T 
LINK.C 

NOLK 

L 

INSTRUCTIONS 

1.   ORIGINATING ACTIVITY:   Enter the nutna «nd addras* 
of the contractor, ■ubcontractor, grama«, Doportmant of Da- 
tanaa activity or othar organltation (corpoj1«'• author) Itaulng 
tha raport. 

2a.   REPORT SECUMTY CLASSIFICATION.   Entar tha over- 
all aacurlty ciaaatfication of tha raport,   Indlcata whathar 
"Raatrictad Data"      fneludad   Marking ia to ba in accord- 
ance with approprU. . aacurlty regulation«. 

2b.   GROUP:   Automatic downgrading in apectfiad in DoD Di- 
rective 5200.10 and Armed Forcea Induatrlal Manual.  Enter 
the gruup number.   Alao, when applicable, show that optional 
marking« have been uaed (or Group i und Group 4 aa author- 
ized. 

J.   REPORT TITLE:   Enter the complete report title In alt 
capital lettera.   Titlea In all caaea ahauld ba unelaaalflad. 
U a meaningful title cannot be «elected without cla««i(ica> 
tlon, «how title clbaaificallon in all capital« In parentheaia 
immrdiately following the title. 

4. UESC SIPTIVE NOTES:   II appropriate, enter the type ol 
report, e.g., interim, progre««, «umipory, annual, or final. 
Give the inclusive dale« when a »pecific reporting period i« 
covweU. 
5. AUTMOR(S):   Enter the n«ine(a) of authoK«) ■« shown on 
or in the report.   Entei la«t name, firm name, middle initial. 
If xiliiary, «how rank and branch of «ervice,   The name of 
the prim ipat « «ihor >« an abaolute minimum requirement 
G.   REl'OKT DATL:   Enter the dale of the report aa day, 
month, year, or month, year.   If more than or.« data appenrs 
on the report, uae date of publication. 
7a.   TOTAL NUMBER OF PAGES:   The total page count 
■ hould fullow normal pagination procedure«, i.e., euter the 
number of p^ge« containing information. 

7b.   NUMUER OK REFERENCES   Enter the total number of 
reference» cited in the raport. 
8a.   CONTKACT OR GRANT NUMBER:   If appropriate, enter 
the applicuble number of the contract or grant under which 
the report was writltf. 
8b, d, &. Bcf. PROJECT NUMBER: Enter the appropriate 
milüary drpartment Identification, auch as pioject number, 
«ubpraject numbei, system numbers, task number, etc. 
9a.  ORIGINATOR'S REPORT NUMBER(S):   Enter the offi- 
cial report number by which the document will be idem If ted 
and contrulled by (he oriBinaling activity.   This number must 
be unique tu th>« iC|iori. 

9b. OriiEK KEPORT NUMBEK(S): If the report has been 
assigned any other repcrt numbers (eilhei by Ihr originator 
or by she sponsor), alao enter this numbers). 

10.   AVAILABILITY/LIMITATION NOTICES:   Enter any lim- 
nation« on luiihcr dissemination of (he report, other than that« 

Imposed by security classificstion, using standard statements 
•uch «•: 

(t)    "Qualified requesters may obtain copies of thi« 
report from DDC" 

(2) "Foreign announcement and di««er.    «tlon of thl« 
report by DDC I« not «uthortted." 

(3) "U. S. Government agencies msy ot.sin cepi« a of 
thl« report directly from DPC.   Other qualified DDC 
uaers «hall request through 

(4) 

IS) 

"U. S. military agencies may obtain copiea of this 
report directly from DDC   Other qualified u«er« 
shall request through 

"All distribution of this report is controlled.  Qual- 
ified DOC users shall request through 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for «ale Ic the public, indi- 
cate thla fact and enter the price, if known. 

tl. SUPPLEMENTARY NOTES: Use for additional espl« i-- 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name ol 
the departmental project office ->: laboratory sponsoring (pay- 
ing lor) the resesrch end develop .ienl.   Include address. 

13    ABSTRACT    Enter an abs(rac( giving a brief and la', luaI 
summary of the document indicative of (he report, even though 
it may also appear elsewhere in the body of tne technical re- 
port.   If additional spsce is requi.dd, a continuation sheet shall 
be attached. 

It is highly desirable that (he abs(rac( of rlasaifieil repor(s 
be unclassified    Each paragraph of (he abstract shall end with 
an indication of the military security classification of tht- in- 
formation in (he paragraph, represented us fTSi   (S). (Ci   ..r (U) 

There is no limitation on the length of the abslrat I     How- 
ever, (he suggested length is from 150 to '/.2S words. 

14.   KEY WORDS:   Key words are techn.cally n.eanmglul term« 
or short phrase« (hat charac(erixe a repon and may be used a« 
indes entries for cataloging the report.   Key words must be 
selec(ed so that no security classlficsdon is required.   Menti- 
fiers, such as equipment model designation, trade nam.-. military 
project code name, geographic location, may be used aa key 
words but will be fol'owed by sn indication of technical con- 
test.   The assignment of links, rules, and weights is optional. 

 Unclassiiied. 
Security Classification 


